Two-color flow cytometric (FCM) analysis using anti-bromodeoxyuridine (BrdU) monoclonal antibody (MoAb) was used to investigate the cell kinetics of regenerating liver after 70% partial hepatectomy in rats. Three peaks were seen in DNA histograms of rat hepatocyte nuclei, corresponding to diploid(2c), tetraploid(4c), and octaploid(8c). These proportions changed in the course of regeneration which were clearly demonstrated by DNA histograms using flow cytometry. The proportion of diploid, tetraploid, and octaploid nuclei in control liver were 49.3 + 1.6%, 45.0+ 7.4%, and 1.7+0.7%, respectively. A significant change occurred at 24 hours after hepatectomy, as FCM revealed 25.9+ 1.1% diploid, 54.5 + 1.2% tetraploid, and 9.0 + 0.9% octaploid. This shift to polyploid nuclei persisted until 72 hours, and then gradually returned to the pattern of control liver. The S-phase nuclei which incorporated BrdU increased rapidly at 24 hours to a peak of 11.3+0.9%, and gradually decreased to 5.8+0.8%, 5.3 + 0.8%, 2.4 + 0.6%, 2.9_+ 1.1%, and 1.2 +_ 0.6%, at 48, 72, 96, 120, and 168 hours, respectively. This 2-color FCM analysis made a detailed analysis of the cell kinetics in regenerating hepatocytes possible, and may be applied in investigations of various aspects of liver regeneration.
INTRODUCTION
Liver regeneration is an extraordinary phenomena the mechanism of which has been investigated from many points of view over a long period. In terms of hepatotrophic factors, the significance of portal blood flow was stressed, 13 and insulin and glucagon were shown to be portal humoral factors for liver regeneration4-6. Many non-portal factors were also investigated, including thyroid hormone, glucocorticoids, prostaglandins, and epidermal growth factorl. In addition to hepatotrophic factors, there are many problems to be solved in liver regeneration from the point of view of molecular biology and genetics. For example, the mechanism of initiation and termination of liver regeneration, as well as the interaction between parenchymal and non-parenchymal liver cells. The latter are known to produce hepatocyte growth factor (HGF) ll or transforming growth factor/12 this indicates a possible paracrine mechanism of growth regulation, which is yet to, and be investigated. It is clinically important in surgery to appreciate the cell kinetics after partial hepatectomy and also the recently introduced transhepatic embolization prior to radical operation3.
Generally, the cycle of proliferating cells is divided into four stages G1, S, G2, and M phase. S phase and M phase are characterized by DNA synthesis, and mitosis, respectively, G1 and G2 are phases between these two stages. There is another stage which is the non-proliferating state of cells Go phase. In normal liver, hepatocytes are in Go phase. When some induction to regeneration (for example, partial hepatectomy) occurs, hepatocytes enter G phase, which is an initial stage in cell cycle. They proceed through the cell cycle (G-S-Gz-M), and at the end of M phase, cell division occurs. Normally, G0/G phase is characterized by 2n (diploid), Gz/M phase by 4n Figure 5 shows the recovery rate of total DNA content of regenerating liver after 70% hepatectomy. The Hours after hepatectomy Time after hepatectomy Figure 5 Recovery rate of the total DNA content of regenerating liver at postoperative time intervals (mean + S.E. by incorporation of 3H-thymidine, finding a fairly good correlation between the two different methods23. However, two-color FCM analysis using BrdU monoclonal antibody, a more accurate and direct method of determining the S phase fraction among proliferating cells, has not been used to investigate liver regeneration.
At 12 hours after hepatectomy, the proportion of each ploidy changed slightly, but not significantly (Figures 2a, 3 ). The significant change in ploidy distribution occurred at 24 hours after hepatectomy, together with the initiation of DNA synthesis (Figure 4 ), in such a way that tetraploid became dominant instead of diploid (4c/2c ratio changed from 0.70 to 2.10), and octaploid appeared to make an apparent peak in the DNA histogram (Figures 2a, 3 ). These proportional changes persisted until 72 hours, which indicates that the rate of DNA synthesis and nuclear division maintain equilibrium during the 24-48 hours after hepatectomy. After 72 hours, this equilibrium changed so that nuclear division dominated, and the ploidy patterns gradually returned to that of control liver. These findings indicate that the initiation of DNA synthesis varies among hepatocytes, probably due to the topographical difference of each cell in its hepatic acinus, which is the structural and functional unit of liver parenchyma and is composed of hepatocytes differing in their functions, 24'25 although the sharp peak is seen at 24 hours. This is ascertained by the recovery rate of total DNA content of regenerating liver ( Figure 5 ), which gradually increased after 24 hours, and nearly reached baseline at 168 hours (89.1 _+ 7.2%).
There is a rapid rise in the rate of DNA synthesizing nuclei to a peak at 24 hours after 70% hepatectomy, followed by a relatively sharp decline. As mentioned previously, BrdU incorporated nuclei were seen between diploid and tetraploid, and tetraploid and octaploid, as clearly demonstrated in contour graphs at 24 hours (Figure 2b ). This indicates DNA synthesis is initiated in both diploid and tetraploid nuclei at the same time during liver regeneration. A few S phase nuclei were seen at 7 days after hepatectomy. These patterns .of DNA synthesis are similar to the results obtained with 3H-thymidine uptake, described previously, 25'26 
